Background and Purpose-With the advent of time-dependent thrombolytic therapy for ischemic stroke, it has become increasingly important for stroke patients to arrive at the hospital quickly. This study investigates the association between the use of emergency medical services (EMS) and delay time among individuals with stroke symptoms and examines the predictors of EMS use. 
S
troke is a major cause of disability and death in the United States, with Ϸ600 000 strokes and 160 000 deaths occurring annually. 1 Event rates and case fatality have been declining. New evidence, however, suggests that the rate of improvement has decreased in recent years. 2 Until recently, treatment of acute strokes has been mainly supportive. Although the National Institute of Neurological Disorders and Stroke rt-PA trial provided evidence that thrombolytic therapy for acute stroke can improve neurological outcome, such therapy is time dependent. 3 Current guidelines from the American Heart Association recommend thrombolytic therapy treatment within 3 hours of the onset of symptoms and caution that the benefit of such therapy for ischemic stroke beyond 3 hours from the onset of symptoms has not been established. 4 Additionally, recommendations for the establishment of primary stroke centers to improve acute stroke care have recently been published, stressing the importance of rapid and efficient treatment of stroke patients. 5 Consequently, timely medical attention for patients with acute stroke is increasingly critical. An association between early arrival and the use of emergency medical services (EMS) has been found in some studies 6 -10 but not in all. 11, 12 Other studies have found an association between referral pattern and early arrival. [13] [14] [15] [16] [17] Patients whose first medical contact was with 911 or EMS arrived at the hospital faster than did patients whose first medical contact was with a personal physician or a study hospital. [13] [14] [15] [16] [17] Use of 911/EMS transport has also been associated with decreased in-hospital delay, including time to physician evaluation 8, 11, 18 and time to CT scan. 18 Two of these studies examined predictors of EMS use and found that patients who arrived by ambulance had more severe strokes, 10 were older, more likely to be black, and more likely to have blood discernible on the initial CT. 13 The present study examines EMS use in a prospective study of individuals arriving at emergency departments (EDs) with symptoms of stroke. Prehospital and in-hospital delay among those who did and did not use EMS was compared. Potential predictors of EMS use were examined by both univariate and multivariate analyses. It was hypothesized that patients expressing a greater sense of urgency about their symptoms, patients who had another person first identify that there was a problem, and older patients would be more likely to use EMS, whereas patients expressing more concerns about seeking health care and patients living alone would be less likely to use EMS. It was also hypothesized that there would be little association between knowledge of stroke symptoms and EMS use.
Subjects and Methods

Study Design
A prospective registry of patients presenting to the ED with signs or symptoms suggestive of stroke was established in 3 study centers. The institutional review board on human participants in research at each center approved the study protocol. Participants or next of kin gave informed consent to be interviewed and to have their medical records abstracted.
Study Setting and Population
The present study was conducted in 7 hospitals in 3 cities: Denver General Hospital, St Josephs Exempla Hospital, and University of Colorado Health Sciences Center in Denver, Colo; Allen Bennett Hospital, Greenville Memorial Hospital, and Hillcrest Hospital in Greenville, SC; and the University of North Carolina Hospital, Chapel Hill.
The University of North Carolina Hospital is a university-based tertiary care facility that also serves as the primary care facility for the surrounding area. The ED volume is Ϸ38 000 adult patients per year, with Ϸ230 patients with a discharge diagnosis of stroke admitted through the ED each year. Greenville Memorial Hospital is a tertiary care facility with an ED volume of 65 000 per year, with Ͼ600 patients with acute stroke admitted each year. Allen Bennett and Hillcrest Hospital are 2 suburban hospitals with ED volumes Ͻ20 000 per year. University Hospital in Denver, Colo, is a university-based hospital with a total ED volume of 34 000 per year, with Ϸ140 patients with acute strokes admitted through the ED each year. Denver General Hospital and St Josephs Exempla Hospital are affiliated private institutions in the Denver area.
Between October 1997 and December 1998, trained ED staff nurses enrolled 617 patients presenting with any of the following symptoms suggestive of stroke: sudden unilateral weakness or numbness of face, arm, or leg; sudden dimness or loss of vision; loss of speech; sudden severe headache; or unexplained dizziness. These broad criteria, based on symptoms at presentation and not on the hospital discharge diagnosis, resulted in the enrollment of many patients who ultimately were not diagnosed as having stroke. These sensitive criteria, however, allowed for the characterization of care-seeking behavior among a full spectrum of patients responding to strokelike symptoms. It is estimated that the enrolled patients represent 33% of all eligible patients with strokelike symptoms.
Measurement
During case enrollment, a trained nurse conducted with the patient or proxy a 20-minute interview consisting of information on demographics, time of onset of symptoms, nature of initial response, time to contacting healthcare system, symptom recognition, knowledge and attitude about stroke, and barriers to seeking care. Study personnel tracked the course of the patient in the ED, noting the time to being seen by a physician, time to CT scan, time to being seen by a neurologist, and treatments received.
After each patient was discharged from the hospital, the medical records were obtained and abstracted for information on healthcare utilization while the patient was in the hospital as well as the final hospital discharge diagnosis. Medical records were obtained for 609 of the 617 patients enrolled. Clinical diagnoses (transient ischemic attack [TIA] , ischemic stroke, intracerebral hemorrhage, subarachnoid hemorrhage, and nonstroke) were determined through review of the discharge survey from the medical records and other pertinent information by a single neurologist (A.H.).
Race and prior history of stroke were obtained from the medical records. Patients were determined to have knowledge of stroke symptoms if they correctly named at least one stroke symptom (dizziness, loss of speech, numbness in arms or legs or face, weakness, headache, visual disturbance, paralysis, motor deficit, facial palsy, confusion, or disorientation) in response to an openended question. 19 Patients were asked whether they had previously been told that they were at high stroke risk and whether they had previously received information about stroke symptoms. Potential barriers to timely access to medical care were established by asking the patient whether any of the following applied to him/her: (1) "didn't think symptoms were serious," (2) "didn't want to bother my physician," (3) "concern for cost," (4) "bad prior experience with hospitals/physicians," and (5) "did not believe there was anything to help me." Patients were also asked the following: "On a 1 to 10 scale, how urgent did you believe it was that you seek medical care for these symptoms?" Patients giving a response of 10 were considered to express a high sense of urgency and were compared with patients giving a response of 1 through 9. Questions regarding age, living alone, the identity of the person who first noticed symptoms (patient or bystander), time of day of the onset of symptoms, educational level, and location of the patient at the time of symptom onset (eg, at home or work) could be answered by either the patient or a proxy.
Symptom onset was obtained during the interview of the patient or proxy in the ED. If symptoms occurred during sleep, the onset time was the last time known to be symptom free. Time to seeing an ED physician (EP) was defined as the time from arrival in the ED (first time recorded in ED, usually triage or registration) until first being seen by an EP. Time to CT scan was defined as the time from ED arrival to completion of the CT scan. Time to seeing a neurologist was defined as the time from ED arrival until first contact with a neurologist.
Data Analysis
Seven patients with missing information on EMS use were excluded. Fifty-one patients with prehospital delay periods Ͼ48 hours were also excluded, leaving 559 patients for these analyses. For statistical tests, an ␣ level of 0.05 was considered statistically significant. Univariate associations of categorical variables with EMS use were evaluated by 2 tests. Because of the skewed distribution of the delay times, the Wilcoxon rank sum test was used for comparisons of time differences. For multiple pairwise comparisons, the Scheffé method was used, with the corresponding probability value adjusted for multiple comparisons. Associations of factors with EMS use were obtained from multiple logistic regression, adjusted for age and study center. Factors examined were age, sex, race, prior history of stroke, living alone, identity of the person who first noticed symptoms (patient or bystander), stroke type, knowledge of stroke symptoms, having been told that s/he was at high stroke risk, having previously received information about stroke symptoms, 5 potential barriers to seeking care, and sense of urgency. There was insufficient data to determine severity and its association with EMS use. All analyses were performed by use of SAS Version 6.12 (SAS Institute).
Results
Of the 559 patients included in the analysis, 212 (39%) had a diagnosis of ischemic stroke; 21 (4%), intracerebral hemorrhage; 2 (0.4%), subarachnoid hemorrhage; 122 (22%), TIA; and 194 (35%), diagnoses other than stroke. Eight were missing medical records and thus were not given clinical diagnoses. Twenty-five percent of interviews were completed by a proxy. Those participants discharged with a diagnosis other than stroke or TIA had a variety of diagnoses, including migraine, drug toxicity, syncope, seizure, other neurological disorders, and ill-defined conditions. The meanϮSD age of the participants was 68Ϯ15 years, 56% were female, and 71% were white (Table 1) . Forty-eight percent of all participants were transported by EMS.
Twenty-seven percent of participants had a history of stroke (Table 2) . Sixty-nine percent of the participants correctly identified at least one stroke symptom in response to an open-ended question. Only 38% of participants reported that they had previously been told that they were at high risk for stroke. Thirty-eight percent of participants reported that they had previously been given information about stroke symptoms. When prompted about concerns that might have contributed to their decision to delay seeking care for their symptoms, the most common was that they did not think that their symptoms were serious (37%). Few patients agreed that worries about the cost of their treatment (12%) or concerns about bothering their physician (13%) were associated with their decision to delay seeking care for their symptoms. However, 45% of those who did not think their symptoms were serious were diagnosed with stroke, and another 25% were diagnosed with TIA.
Patients who used EMS had significantly shorter times from symptom onset to arrival, time to seeing an EP, time to CT scan, and time to being seen by a neurologist (Table 3) . Patients who used EMS were also significantly more likely to arrive within 2 hours (Pϭ0.012) and 3 hours (Pϭ0.035) than were patients who did not use EMS.
EMS use was highest among those with intracerebral hemorrhage (71%), followed by those with ischemic stroke (60%), those with nonstroke diagnoses (43%), and those with TIA (39%). By use of the Scheffé method to adjust for multiple comparisons, EMS use was statistically different only between those with TIA and those with ischemic stroke (Pϭ0.005) and between those with nonstroke diagnoses and those with ischemic stroke (Pϭ0.021).
After adjusting for study center, age was predictive of EMS use, with older patients more likely to use EMS than younger patients (OR for each 5-year increase 1.21, 95% CI 1.14 to 1.29). The remaining models were adjusted only for age and study center. Sex (OR 1.20, 95% CI 0.84 to 1.72) and race (OR 1.52, 95% CI 1.00 to 2.31) did not predict EMS use. Patients with better knowledge and access to information regarding stroke symptoms were not more likely to use EMS. Surprisingly, those with knowledge of stroke symptoms (OR 0.63, 95% CI 0.40 to 0.98) and those who reported having previously received information about stroke symptoms (OR 0.59, 95% CI 0.38 to 0.91) were less likely to use EMS. Similarly, those who reported a bad prior experience with physicians or hospitals were less likely to use EMS (OR 0.37, 95% CI 0.15 to 0.89). Those who lived alone were also less likely to use EMS (OR 0.63, 95% CI 0.41 to 0.96).
A heightened sense of urgency about the symptoms was associated with greater EMS use (OR 1.69, 95% CI 1.09 to 2.62), whereas concern for cost was not (OR 0.85, 95% CI 0.43 to 1.71). Another strong predictor of EMS use was having someone other than the patient first identify that there was a problem (OR 2.35, 95% CI 1.61 to 3.44). There was no association between EMS use and history of stroke, educational level, time of day of symptom onset, day of the week of symptom onset (weekend or weekday), or location of symptom onset (eg, at home or at work).
When the analyses were restricted to those with confirmed strokes or TIA (nϭ358), the ORs remained essentially unchanged. The associations between knowledge of stroke symptoms and EMS use (OR 0.73, 95% CI 0.41 to 1.31), between sense of urgency and EMS use (OR 1.44, 95% CI 0.84 to 2.47), and between living alone and EMS use (OR 0.66, 95% CI 0.38 to 1.13) were slightly attenuated.
Discussion
The use of EMS by patients with stroke symptoms markedly decreased both prehospital and in-hospital delay. Older people were more likely to use EMS, as were individuals with diagnoses of ischemic stroke and intracerebral hemorrhage. After adjusting for age and study center, an important predictor of EMS use was having someone other than the patient first identify that there was a problem. The individual's sense of urgency was also an important predictor in the entire study population, although its importance was diminished when restricted to confirmed strokes/TIAs. Reporting a 
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bad prior experience with physicians and/or hospitals was associated with statistically significantly decreased EMS use. Knowledge and awareness of stroke symptoms was not associated with increased EMS use. Factors related to timely access to medical care for stroke symptoms are important because they may represent opportunities to reduce delays by guiding intervention strategy or identifying groups that are in particular need of intervention.
Prehospital Delay
Shorter transport time is probably not the primary determinant of the association of EMS use with reduced prehospital delay time. Previous studies have shown that travel time to the hospital is actually a small proportion of the total prehospital delay period. Because transport time is not the major component of prehospital delay, 7 the majority of the reduction in prehospital delay due to EMS use must be attributed to other factors. People who perceive their symptoms (or the symptoms of someone around them) as serious and urgent are likely both to take quick action and to call 911. In contrast, those who do not think their symptoms represent an emergency are more likely to wait before taking any action and are less likely to call 911. Accordingly, we found that those who expressed the greatest sense of urgency were more likely to use EMS than those who expressed less urgency.
In-Hospital Delay
There are several possible explanations for the shorter inhospital delay for those who use EMS compared with those who do not use EMS. The first may be that patients arriving by EMS are most often placed directly in a bed and are available to be seen by an EP immediately, whereas patients arriving via the front door must first be triaged before they can physically be brought to a bed. Registration delays or lack of recognition of the urgency of the problem at triage could further add to the delay. 18 In addition, it is possible that the mere fact of arriving by EMS raises the level of concern for the patient by the physicians and ED staff. Alternatively, patients arriving by EMS may be more severely ill and thus naturally would be seen by an EP sooner. 10 Although the present study attempted to measure severity by use of both the Barthel Index 20 and the Orpington Prognostic Scale, 21 the large number of missing values made it impossible to adequately test this hypothesis. However, type of stroke was strongly associated with EMS use. Patients with hemorrhagic stroke were more likely to use EMS than were patients with ischemic stroke, and patients with either hemorrhagic or ischemic stroke were more likely to use EMS than were those with TIA. This supports the theory that patients who use EMS have more severe symptoms than patients not using EMS. Other studies suggest that severity does have a role in rapid response within the ED. Kothari et al 22 found that patients arriving by Basic Cardiac Life Support transport had longer times to seeing EPs than did those arriving by Advanced Cardiac Life Support transport, indicating that the severity of the patient's illness cannot be dismissed as a factor influencing delay. The present study supports our previous work indicating that time from the onset of symptoms may also play a role in the perception of severity by the ED staff. 18 Regardless of their beliefs about the usefulness of tissue plasminogen activator for ischemic stroke, the ED staff may regard someone whose symptoms have been present for only 1 hour as being different from someone whose symptoms have been present for Ͼ1 day. The data reported suggest that the time to being seen by an EP is decreased for those presenting within 3 hours of the onset of symptoms. However, as seen in our previous work, 18 arrival by EMS still resulted in decreased times to seeing an EP and to time to CT, regardless of the length of out-of-hospital delay.
Associations With EMS Use
The direct association of age with EMS use replicates the findings of Barsan et al, 13 as did the lack of an association with the sex of the patient. In contrast to their findings, however, no association with race was found. 13 A strong predictor of EMS use was having somebody other than the patient first identify that there was a problem. The key role of witnesses has been reported by others. 9, 23 Patients with greater knowledge and awareness of stroke and its symptoms were not more likely to use EMS. In fact, those with knowledge of stroke symptoms and who reported having previously received information about stroke symptoms were less likely to use EMS. This is in agreement with findings by others that knowledge of stroke symptoms does not decrease delay time. 7, 10, 12, 24 It is possible that the lack of an association between knowledge of stroke symptoms and delay time is due to inadequate measurement of knowledge. In addition, having a history of stroke did not have an effect on EMS use. Other studies have found that a history of stroke does not decrease delay time. 7, 10, 24 When patients are given information about stroke, more emphasis needs to be placed on the "call to action" and the emergency nature of stroke symptoms.
Limitations and Strengths
Prospective ED registries of specific patient complaints are subject to advantages and limitations of data collection in a critical care environment. One limitation was that many of the patients were incapable of completing an interview and that responses from proxies were used. This could influence the validity of some of the data collected. However, every effort was made by the nurses in the ED to interview the informant most familiar with the circumstances surrounding the onset of symptoms. More important, many of the questions (eg, about sense of urgency and concerns that might lead to delay) could be answered only by the patient. Therefore, these questions are subject to a large number of missing values, and the distribution of missing values is biased, with the most severely disabled patients being much more likely to have missing values. For example, 10% of patients with a diagnosis of TIA were missing responses to the sense-of-urgency question, whereas 24% and 30% of patients with ischemic stroke and hemorrhagic stroke, respectively, had missing responses. It is unclear how the bias may affect the results of the present study.
Nevertheless, a significant strength of the present study stems from its use of a standardized prospective interview questionnaire, instead of relying solely on medical record review. Such a review is often inadequate to obtain detailed data on the timing of symptom onset. 6 The hospitals included in the present study represent a mix of urban and rural hospitals and of research and community hospitals in 3 geographic locations. The study population included roughly equal numbers of men and women and a substantial proportion of nonwhite participants. Consequently, these findings probably have broader generalizability.
Conclusions
EMS was underused in this population with stroke symptoms, with less than half of the participants using EMS. Only sixty percent of those with ischemic stroke used EMS. If the factors that influence EMS use can be better understood, interventions could be developed to increase EMS use among this population. The results from the present study confirm findings that knowledge of stroke symptoms is not sufficient to prompt people to take action. The patient's own sense of urgency about his or her symptoms and having a bystander first identify that there was a problem were much more important factors. Consequently, interventions aimed at increasing EMS use among stroke patients need to stress the urgency of stroke symptoms and the importance of calling 911 and need to be broad-based, encompassing not only those at high risk for stroke but also their friends and family members.
